Objective: To determine whether planned route of delivery leads to differences in neonatal morbidity.
Introduction
Over the last several years, the rate of cesarean delivery has increased in the United States. 1 In 2006, the rate of cesarean delivery rose to 31.1%. 2 This is the highest rate recorded thus far and marks a 50% increase in the last decade. 2 A portion of this increase has been attributed to the declining rate of vaginal birth after cesarean. However, there has also been an increase in the rate of primary cesarean delivery to 24.3%. 3 A portion of these primary cesarean deliveries are performed on maternal request, in the absence of other medical or obstetric indication.
Cesarean delivery on maternal request (CDMR) has become a popular subject over the last several years. CDMR is defined as cesarean delivery in a singleton, term pregnancy in the absence of another maternal or fetal indication. 4 In March 2006, the National Institutes of Health convened a State-of-the-Science Conference on CDMR. 5 A comprehensive review found little evidence directly comparing outcomes between planned vaginal delivery and planned cesarean delivery. Several studies have shown a difference in neonatal outcomes for labored versus unlabored cesarean delivery. [6] [7] [8] [9] The dilemma is predicting who among a group of women planning for a vaginal delivery will actually have a vaginal delivery. Also, many women who plan to have a vaginal delivery, especially first-time mothers, actually deliver by cesarean after labor. If only successful vaginal deliveries are compared with labored cesarean deliveries, the difference in neonatal morbidity may be misleading. 10 The NIH State-of-theScience expert panel recommended that future research include maternal and neonatal outcomes based on planned vaginal versus planned cesarean delivery.
Our aim was to assess differences in neonatal outcomes between planned vaginal and planned cesarean delivery among births of term, low-risk primiparous women; with planned cesarean delivery being used as a proxy for CDMR. The premise of this research is aimed at understanding the effect of planned route of delivery on neonatal outcomes in an effort to understand the effect of CDMR. One critical issue is that the reported prevalence of CDMR is low in relation to the total number of primary cesarean deliveries that occur and thus does not easily lend itself to prospective analysis at this point. CDMR currently encompasses approximately 2.5% of all births in the United States. 11 Another major obstacle in evaluating CDMR is that there is no ICD-9 code for CDMR, making it very difficult to adequately document and later identify these cases for research and tracking purposes. Thus, even the estimated rate of CDMR is imprecise. On the basis of these two challenges, we have chosen to tackle the issue of CDMR in the best way that is currently available, by categorizing subjects into planned vaginal delivery or planned cesarean delivery, on the basis of NIH guidelines. Planned cesarean delivery is used as a proxy for CDMR as these women are planning to undergo a cesarean, although the reason may be breech presentation for some women and maternal desire for others. Until there are more cases of pure CDMR and a better way to identify them, we must use planned cesarean delivery as a proxy to attempt to understand the effects of planning a cesarean delivery on maternal outcomes.
Methods
After approval by the Institutional Review Board, the University of North Carolina (UNC) Perinatal Database and Neonatal Database were queried regarding neonatal birth outcomes. We have examined the effect of planned route of delivery on maternal outcomes in a separate analysis because of the large amount of data generated for each population (neonatal and maternal) with very different types of outcomes. Between 1995 and 2005, a total of 26 356 deliveries occurred. Within this group, 11 011 were primiparous deliveries. Exclusion criteria included multiparity, multiple gestation, delivery at less than 37 weeks, any major maternal comorbidity (for example, diabetes, hypertension, inflammatory disorders and so on) or any major fetal anomaly or comorbidity. Among these subjects, 4048 met the inclusion criteria, which included neonates born to healthy, term primiparous women with a singleton gestation (Figure 1 ).
Subjects were divided into two groups: infants born from a planned vaginal delivery and those born from a planned cesarean delivery. Planned vaginal delivery was defined as intent to deliver by vaginal route before the onset of labor, despite actual route of delivery. Accordingly, planned cesarean delivery was defined as intent to deliver by cesarean before the onset of labor, despite actual route of delivery. The planned vaginal delivery group included subjects who delivered vaginally and those who delivered by cesarean after labor, who had planned for a vaginal delivery. The planned cesarean group included subjects born after unlabored cesarean deliveries, subjects whose labor began before their scheduled cesarean delivery and any precipitous vaginal deliveries that intended to delivery by cesarean. This group of 180 subjects was used as a proxy for CDMR, as they were all planned cesarean deliveries.
In assessing the deliveries for intent, that is, whether the subject had planned a vaginal delivery or planned a cesarean delivery, care was taken to also use the paper medical chart to categorize the subjects' documented intent for route of delivery, as this issue is critical to this study. The Perinatal Database was also used to enhance this process, including definitions such as induction, augmentation, stage of cervical dilation and membrane rupture in vaginal deliveries and arrest of dilation or descent in labored cesarean deliveries. A planned cesarean delivery, whether CDMR or other indication such as breech, could be accurately excluded on the basis of these definitions, as a planned cesarean delivery would neither have induction nor augmentation of labor nor would the indication be failed labor, that is, arrest of dilation or descent. Similarly, a primiparous woman presenting before 4 cm dilation with intact membranes, who intended to deliver by cesarean, would have time to undergo the intended cesarean and would not be erroneously categorized as a planned vaginal delivery. The paper medical charts of the 545 subjects not meeting these criteria were all reviewed by the primary investigator, where the clinician's hand-written plan of care was identified to determine the original intent for route of delivery. Full chart review and abstraction was performed for these 545 subjects revealing that 180 underwent a planned primary cesarean delivery ( Figure 1 ). This group was used as our proxy for CDMR. As a quality assurance measure, chart abstraction was undertaken for every one in 50 planned vaginal deliveries to further avoid any oversights in categorization, although the clinical criteria from the database had already been used for this purpose. Furthermore, the paper medical chart was reviewed on every case of vaginal breech to determine whether these deliveries had been planned or whether they had intended to delivery by cesarean. There were only three such cases and each was a planned vaginal delivery based on clinician preference for a favorable prognosis for vaginal delivery. If they had intended to deliver by cesarean, they would have been placed in the planned cesarean group even though they delivered vaginally.
Primary outcomes were neonatal intensive care unit (NICU) admission, respiratory morbidity and neurologic morbidity. Specifically, respiratory morbidity was a composite of bag or mask resuscitation, intubation, respiratory distress syndrome, transient tachypnea of the newborn and meconium aspiration syndrome. Neurologic morbidity was a composite of hypoxic Planned vaginal vs planned primary cesarean delivery EJ Geller et al ischemic encephalopathy, periventricular leukomalacia, hydrocephalus, periventricular hemorrhage, intraventricular hemorrhage (grades II to IV), subarachnoid hemorrhage and intracranial infarct. The composite outcomes were created in an effort to overcome the low incidence of several rare outcomes. Secondary outcomes included meconium passage, physiologic jaundice, anemia, hypoglycemia, acquired pneumonia, conjunctivitis, any bacterial infection, sepsis, pneumothorax, brachial plexus injury, fracture, birth asphyxia, hypotonia and shock. Unless otherwise specified, definitions were based on clinician determination as recorded in the databases and the medical record. Demographic data included maternal age, race, gravidity, parity, obesity status (due to database limitations, this was defined as weight greater than 200 pounds on admission to Labor and Delivery), gestational age at delivery, mode of delivery (including instrumented vaginal delivery and details regarding cesarean deliveryFlabored or unlabored), delivery presentation, Apgar scores, type of labor (spontaneous versus induced) and degree and type of laceration. The UNC Perinatal Database and Neonatal Database are comprised of delivery, demographic and neonatal outcomes data for all deliveries occurring at UNC Hospitals since 1995. Data from pregnancy and delivery are rigorously collected from the medical charts on patient discharge. These are then verified and entered into the database by two clinical research nurses. The database is stored in Microsoft Access 10.0 (Redmond, WA, USA) and monitored and maintained by dedicated staff. Data were organized and categorized in this format and then transferred to SPSS 12.0 12 (Chicago, IL, USA) for analysis. Statistical analysis included w 2 , Fisher's exact, t-tests and multivariable logistic regression.
Results
The final analysis included 4048 neonates (3868 planned vaginal and 180 planned cesarean). Infants born from a planned vaginal delivery had slightly younger mothers who were more likely to be Hispanic and less likely to be White or Asian (Table 1) . Infants from a planned vaginal delivery were also born at a slightly later gestational age than those born from a planned cesarean delivery.
The most common indication for planned cesarean delivery was breech presentation (68.9%), followed by fetal macrosomia (7.9%), history of myomectomy (4.5%) and other abnormal fetal lie (2.8%). There were 19 other distinct indications that occurred at very low rates. The rate of documented CDMR was 1.7% of all planned cesarean deliveries. Within the planned cesarean group, a portion of the subjects presented in active labor. Of these, 1.7% were dilated beyond 4 cm at the time of delivery, 11.2% had ruptured membranes and 0.6% were dilated beyond 4 cm and had ruptured membranes. However, there were no actual precipitous vaginal deliveries that had intended to delivery by cesarean in this group of primiparous women. The rate of planned cesarean delivery in our study population ranged from a low of 1.0% in 1997 to a high of 6.0% in 2002, with an average of 4.4% (Figure 2) .
Planned vaginal delivery was associated with a lower risk of NICU admission, oxygen resuscitation, physiologic jaundice and a shorter length of stay, but an increased risk of meconium passage and 1 min Apgar p5 (Table 2) . For the composite measures of respiratory morbidity and neurologic morbidity, there were no differences between planned vaginal and planned cesarean delivery. When assessing Apgar scores on the basis of actual number (0 to 10), the median 1 min Apgar was 8 in the planned vaginal group and 8 in the planned cesarean group (P ¼ 0.29). The median 5 min Apgar was 9 in the planned vaginal group and 9 in the planned cesarean group (P ¼ 0.11). In addition, there were no differences in the other secondary outcomes.
In a multivariable logistic regression model that adjusted for confounders, including maternal race, gestational age and chorioamnionitis, NICU admission was significantly lower in the planned vaginal delivery group (odds ratio 0.4, 95% confidence interval 0.3 to 0.6). In the same model, the risk of meconium passage (odds ratio 2.6, 95% confidence interval 1.5 to 4.6), chorioamnionitis (odds ratio 1.5, 95% confidence interval 1.2 to 1.8) and increased gestational age at delivery (odds ratio 1.4, 95% confidence interval 1.3 to 1.5) remained significantly higher in the planned vaginal delivery group.
We then analyzed the data with regard to gestational age. The American College of Obstetrics and Gynecology (ACOG) recommends that all elective cesarean deliveries occur at 39 weeks gestation or beyond. In the planned vaginal group, 2938 subjects (76.0%) were at or beyond 39 weeks gestation at the time of delivery, compared with 100 subjects (56.2%) in the planned cesarean group. When we compared neonatal outcomes only for the births that occurred at or beyond 39 weeks gestation, we found that the risk for infants born from a planned vaginal delivery was similar to the initial analysis of all-term infants: a decreased risk of NICU admission (5.9 vs 14.0%, P ¼ 0.001), oxygen resuscitation (3.7 vs 10.0%, P ¼ 0.005) and physiologic jaundice (9.0 vs 22.0%, P<0.001) and an increased risk for meconium passage (27.2 vs 14.0%, P ¼ 0.003). There were no differences in the other individual or composite measures.
When assessing gestational age itself, infants born before 39 weeks, regardless of route of delivery, had an increased risk of NICU admission (8.2 vs 6.1%, P ¼ 0.021), neonatal resuscitation (5.7 vs 4.2%, P ¼ 0.046), physiologic jaundice (15.3 vs 9.5%, P<0.001) and hypoglycemia (1.6 vs 0.4%, P<0.001) and a decreased risk of meconium passage (10.8 vs 26.7%, P<0.001) compared with those born at or beyond 39 weeks.
We also performed a subanalysis based on induction of labor in an effort to provide an alternative comparison group to compare with planned cesarean delivery. We compared those infants who were born from a medical induction of labor with those born from a planned cesarean delivery, with the goal being to more specifically look at intent of route of delivery, as the inductions were clearly planned vaginal deliveries. Infants born after medical induction of labor had a lower risk of NICU admission, oxygen resuscitation and physiologic jaundice, but an increased risk of meconium passage (Table 3 ). There were no differences in Apgar scores, length of stay or the composite measures of respiratory or neurologic morbidity.
Discussion
Our study sought to examine the effects of CDMR on neonatal outcomes by assessing planned vaginal and planned cesarean delivery in a population of term, low-risk primiparous women. Differences were observed in certain outcomes. More severe outcomes, including major respiratory and neurologic morbidities, were not found to differ based on planned route of delivery. However, this finding is likely due to lack of power for these rare but serious outcomes. Length of stay was found to be increased in the planned cesarean group compared with the planned vaginal group; although there was no difference in the subanalysis of medical induction. This difference is likely due to maternal length of stay, which is longer for cesarean delivery than uncomplicated vaginal delivery. However, we cannot verify this opinion. Interestingly, the mean gestational age at the time of planned cesarean delivery was 38.7 weeks, which is slightly earlier than the ACOG recommendation of 39 weeks for non-emergent cesarean delivery, in which fetal lung maturity is not documented. It is also a few days earlier than the planned vaginal group, which was over 39 weeks, although s.ds. overlap between groups. This may bias the results against planned cesarean delivery and should be taken into account. To meet ACOG criteria, lung maturity would have to have been documented in cases before 39 weeks; whereas other subjects were delivered before 39 weeks due to active labor or for medical indication of the mother or infant. However, data regarding fetal lung maturity were not available. Maternal age was also different between groups, being slightly greater in the planned cesarean group by 3 years. However, as the s.ds. overlap and as both groups are in a similar age bracket, this is not likely clinically significant. Finally, there was a difference in racial breakdown, with the main difference being an increased prevalence of white race and decreased prevalence of Hispanic race in the planned cesarean group. This should also be taken into account when viewing the results.
Despite having a low incidence of adverse outcomes, our overall rate of NICU admission was 6.6%, which is similar to previous studies. Kolas et al. 13 had a rate of 5.8% when examining planned cesarean versus planned vaginal delivery at term. The fact that planned vaginal delivery had a lower rate of NICU admission is interesting, given that there was no difference in the rate of sepsis; and the rates of chorioamnionitis (9.6 vs 0.6%, P<0.001) and low 1 min Apgar (9.0 vs 4.0%, P ¼ 0.02) were both increased in the Planned vaginal vs planned primary cesarean delivery EJ Geller et al planned vaginal delivery group. It is possible that the rate of NICU admission is influenced by the fact that the NICU team attends all cesarean deliveries, thus increasing the likelihood of NICU admission in the cesarean group.
For respiratory outcomes, the rate of respiratory morbidity in our study was 2.3%, which is similar to the low rate of 4.3% found by Zanardo et al. 7 Finally, the rate of intracerebral hemorrhage in our study was 0.12%, which is slightly higher than the rate of 0.06% as reported by Towner et al.
14 Although Towner et al.
14 reported a significant increase in the rate of intracerebral hemorrhage for cesarean delivery when compared with vaginal delivery; there was no difference in the rate of intracerebral hemorrhage when their analysis was limited to unlabored cesarean and spontaneous vaginal delivery, which is comparable to our findings. Limitations of this study include both its retrospective nature and its relatively low incidence of adverse outcomes. The retrospective design leads to the possibility of misclassification bias, but we would expect this bias to be non-differential. The low incidence of adverse outcomes is not surprising given the low-risk population that was chosen for the study. Previous studies have had similar issues when using a low-risk population and limiting the analysis to unlabored cesarean delivery. 14, 15 This study was limited to the database of one university hospital in North Carolina. However, this population is diverse in terms of racial and socioeconomic backgrounds, which improves the external validity of this study. In addition, our rate of cesarean delivery is similar to the national rate. In 2005, the national rate of primary cesarean delivery was 24.3%, compared with 24.4% in our study population. Another limitation is our use of planned cesarean delivery as a proxy for CDMR. As discussed earlier, currently there is no feasible way to identify CDMR, thus making it difficult to quantify. There may be limitations to the use of planned cesarean delivery as a proxy for CDMR due to the varied indications for the procedure. However, a plan for a cesarean in the absence of maternal or neonatal comorbidities makes our planned cesarean group a reasonable proxy for CDMR. We contend that there is always an indication for a planned cesarean, whether it is breech presentation or CDMR. These various indications for planning a cesarean are unlikely to have a significant effect on the neonatal outcomes reported. In excluding subjects with comorbidities (including neonatal comorbidities or anomalies), we excluded common scenarios that could potentially affect neonatal outcomes and thus skew the results of the analysis. We acknowledge that there is controversy regarding the use of planned route of delivery as opposed to actual route of delivery.
We have tried to demonstrate the accuracy of our determination of intent for cesarean or vaginal delivery. We have also included a subanalysis focusing on induction of labor as a proxy for planned vaginal delivery to highlight a different method of analyzing the data. The results for this subanalysis were similar to those for the primary findings. There are many ways to design a study assessing intended route of delivery. We have reported on a few ways of performing this assessment. By dividing the groups into planned route of delivery, as opposed to actual route of delivery, this study is designed on the basis of the recommendations of the NIH State of the Science Conference. Ultimately, a prospective trial will be needed to fully answer the question of the effect of planned cesarean delivery on neonatal outcomes. However, even such a prospective study must still take care to ensure the accuracy of assessing intended route of delivery due to the inherent bias of this design and also due to the difficulty in indentifying cases of true CDMR.
A major strength of this study is the focus on low-risk term primiparas, thus eliminating the bias of multiparity and medical comorbidites, and decreasing the risk of indication for cesarean as confounding the neonatal outcomes. Many studies based on planned route of delivery used breech delivery as a proxy for elective cesarean delivery, but with vaginal breech delivery as a comparison group. 16, 15, 10 This is less useful for predicting neonatal outcomes with a planned vaginal delivery for a vertex presentation. Other studies have used repeat cesarean delivery as a proxy for elective cesarean delivery, which is not comparable with a primary cesarean delivery without labor. 17, 18 In many cases, information on parity and maternal morbidities was not available, making it difficult to determine what effects were due to parity or comorbidity and what were actually due to planned route of delivery. 13 Another strength of this study is the use of large, universitybased databases that include detailed data on demographic, labor and delivery and postnatal information over a 10-year time span that is populated and maintained by clinical research nurses. Although some may argue that the 10-year time span may be affected by changes in practice patterns over time, we are assessing intent to deliver by cesarean and what effects that has on neonatal outcomes, not what practice pattern led to making that decision. In addition, medical charts were reviewed to verify diagnoses and planned route of delivery. Many studies rely on birth certificate data for this information, which has not always been found to be reliable. 19 Our study is also limited to term gestations. Much of the data on neonatal morbidity includes infants less than 37 weeks, which is a known risk factor for respiratory morbidity. 7 Kolas et al. 13 found no difference in neonatal respiratory outcomes when the analysis was limited to a gestational age of greater than or equal to 39 weeks. When Zanardo et al. 7 stratified by gestational age, they found no difference in the rate of respiratory distress syndrome at or beyond 39 weeks gestation between vaginal delivery and unlabored cesarean delivery. This is a critical issue, as the ACOG guidelines recommend performing planned cesarean deliveries at or beyond 39 weeks.
As the findings of this study are based on planned route of delivery, and not actual route of delivery, they may provide another method for analyzing the data that can be useful for patients and providers when making informed decisions about delivery options. As the rate of CDMR increases, well-designed prospective multicenter cohort trials will be needed to fully understand the effect of CDMR on the range of short-term and long-term neonatal outcomes.
